Early effect of progesterone on levels of cyclic adenosine 3':5'-monophosphate in Xenopus oocytes.
Progesterone treatment of Xenopus oocytes in vitro causes progression through meiotic cell division. The role of altered intracellular levels of cAMP on the initiation of meiotic cell division has been studied. Basal levels of cAMP averaged 1.5 pmol in oocytes from eight females, and exposure to progesterone caused a rapid drop in cAMP to about 40 to 60% of basal. Half-maximal decreases occurred within 15 to 60 s, and cAMP returned to near basal values by 20 min after progesterone. Theophylline inhibition of progesterone-induced cell division was characterized by a small increase in basal levels of cAMP and a reduced drop in cAMP due to the hormone. Cholera toxin, an activator of adenylate cyclase, was found to be a potent inhibitor of progesterone-induced meiosis, with half-maximal inhibition at 8 times 10(-12) M. In addition, the purified A subunit of cholera toxin was an effective inhibitor of progesterone action when microinjected into oocytes, with half-maximal inhibition occurring at an approximate internal concentration of 1 X 10(-7) M. Cholera toxin alone increased cAMP levels by 20%, but upon addition of progesterone, the level increased transiently to 200% of basal, indicating that the inhibition was due to elevated levels of cAMP. The results support a model in which the initiation of meiotic cell division is regulated by cAMP and protein phosphorylation.